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New ethylaziridine derivatives and their preparation methods 

Field of the Invention 

This invention is related to new ethylaziridine derivatives and their 
preparation. The compounds are useful synthetic intermediates for the synthesis 
of HIV protease inhibitors and oligopeptide mimetics. 

Background of the Invention 

HIV is a retrovirus delivering the genetic information in the form of RNA. 
Therapeutic agents for the virus include reverse transcriptase inhibitors and HIV 
protease inhibitors, which do not kill the virus in cells, rather inhibit the 
replication of the virus. Moreover, rapid emergence of viral strains resistant 
against the chemotherapeutics requires development of therapeutic agents of 
new structure. 

HIV protease inhibitors which have been developed so far include Roche's 
Saquinavir [EP 432695 A (1991)], Glaxo-Wellcome's Amprenavir [US patent 
941982 (1992)], Merck's Indinavir [US patent 789508 (1991)]. Abbott's Ritronavir 
[US patent 998114 (1992)], and Agouron's Nelfinavir [US patent 5484926 
(1996)]. These compounds are used for the prevention or treatment of AIDS 
caused by HIV viral infection. 

Most of these HIV protease inhibitors belong to the hydroxyethylamine 
(HEA) class inhibitors. Except Nelfinavir, Saquinavir, Palinavir, and Amprenavir 
have benzyl group at the C(2) of the hydroxyethylamine backbone. 

Intermediates for the synthesis of HIV protease inhibitors reported so far 
are (2fl)-[1 '(S)-azido-2-phenyiethyl]oxirane (J. Med. Chem. 1993, 36, 
292-294) and 3(S)-amino-1 ,2(S)-epoxy-4-phenylbutane. However, these 
intermediates are normally derived from phenylalanine and inevitably installs 
benzyl group onto the backbone of the HEA backbone. On the other hand, 
Nelfinavir possesses phenylthiomethyl group instead of the benzyl one onto the 
HEA backbone, thus requires a different intermediate such as 
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3(S)-amino-1 ,2(S)-epoxy-4-phenyl thiobutane. 

Therefore, a new intermediate is required for the introduction of benzyl as 
well as phenylthiomethyl or other substituents for the development of new HIV 
protease inhibitors. 

The object of this invention is to provide a new ethylaziridine derivative 
which is capable of introducing various substituents. Another object of this 
invention is to provide important intermediates for the synthesis of HIV protease 
inhibitors. 

Detailed Description of the Invention 

The present invention is concerned with the ethylaziridine derivatives of 
formula I and their preparation methods. The new ethylaziridine derivatives are 
prepared from tartaric acid with amino and alcohol groups protected and the 
termini substituted with halogen and aikoxy groups. These aziridine derivatives 
can be utilized as core intermediates for the preparation of HIV protease 
inhibitors. 

r 2 o' r4 

R 3 
(I) 



In the formula above, 

Ri and R 2 are respetively, H, alkyl. aryl, arylalkyl, or heteroatom which is 

bound to an alkyl, aryl or arylakyl group; 
R3 is H, alkyl, aryl, arylakyl, or amino protecting group forming G5-7 

monocyclic heterocycle or C7-11 bicyclic heterocycle with 

nitrogen atom; 

X and Y are respetively, H, C1-4 alkyl, arylalkyl, aryl, or heteroatom which is 
bound to alkyl, aryl or arylakyl; 

R4 is silyl protecting group optionally substituted with alkyl group, or 

alcohol protecting group which includes alkoxycarbonyl, 
aryloxycarbonyl, methoxymethyl, tetrahydropyranyl, 
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methoxyethoxy methyl or ethoxyvinylethyl; 



Z is 



F. CI. Br, I, or -OR 5 ; and 



R 5 is 



SOnRe, where n=0, 1 or 2, and R 6 is alkyl or aryl. 



The synthetic method for ethylaziridine derivatives of general formula (D where 
Ri. R 2l X and Y are H is as follows. 

In the case where tartaric acid is used as a starting material: 

(1) D-methyl tartrate is prepared from the reaction of D-tartaric acid and SOCI2 
in methanol. 

(2) 4,5-Dimethoxycarbonyl acetonide compound is obtained from the reaction of 
D-methyl tartrate and 2,2-dimethoxypropane in the presence of 
para-toluenesulfonic acid in dichloromethane. 

(3) 2,3-CMsopropylidene-D-threitol is obtained from the reduction of 
4,5-dimethoxycarbonyl acetonide with sodium borohydride in methanol. 

(4) 2,3-O-lsopropylidene-D-threitol is treated with trtethylamine, lithium halide, 
and methanesulfonyl halide in acetonitrile to yield 1 ,4-dihalobutane- 
2(S),3(S)-dioI. 

(5) 1 ,4-Dihalobutane-2(S),3(S)-diol sulfate is prepared from the reaction of 
1 ,4-dihalobutane-2(S),3(S)-diol with either thionyl chloride in chloroform 
followed by oxidation using ruthenium chloride and sodium periodate. or 
imidazole sulfuryl chloride in carbon tetrachloride. 

(6) 1 ,4-Dihalobutane-2(S),3(S)-diol sulfate is treated with potassium 
phthalimide in DMF to provide A/-[1,4-dihalo-2(S)-hydroxy-3(/?)-butyl] 
phthalimide. 

(7) A/-[1,4-Dihalo-2(S)-hydroxy-3(y?)-butyl]phthalimide was treated with 80% 
hydrazine monohydrate in isopropanol to remove the phthalimide protecting 
group and the resulting free amine was converted to 2(fl)-(alkyloxycarbonyl) 
amino-1 ,4-dihalo-3(S)-hydroxybutane upon reaction with an acid anhydride 
in presence of triethylamine in tetrahydrofuran (THF). 

(8) Reaction of 2(/?)~(alkyloxycarbonyl)amino-1 ,4-dihalo-3(S)-hydroxybutane 
with hydroxyl protecting groups such as chlorosilane or chlorocarbonyl group 
provides 2(S)-silyl(or carbonyl)oxy-3(fl)-alkyloxycarbonylamino-1 ,4-dihalo 
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butane. 

(9) N-alkyloxycarbonyl-2(R)-[1(S)-silyloxy~2-haloethyl]aziridine is prepared 
from the reaction of 2(S)— silyKor carbonyl)oxy-3(fl)-alkyloxycarbonylamino 
-1 ,4-dihalobutane with sodium hydride in THF. 

Above preparation method is depicted in Scheme (1-a). 

[Scheme (1-a)] 
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d-a) 



When the same sequence is repeated starting from L-tartaric acid, the 
following compound of general formula (l-b) can be prepared. 




N 
R 3 
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Two isomers of formula (l-a) and formula (l-b) are depicted as formula (D as 
below. 



OR 

Z 



N 
R 3 

(I 1 ) 

This invention also provides the following compound of general formula 



(II). 



OR 4 

R 

(ID 

wherein: 

Rs is H, alkyl. aryl, arylalkyl, or amino protecting group forming C5-7 

monocyclic heterocycle or C7-11 bicyclic heterocycle with nitrogen 
atom; 

R4 is silyl protecting group optionally substituted with alkyl group, or 

alcohol protecting group which includes alkoxycarbonyl, 
aryloxycarbonyl, methoxymethyl, tetrahydropyranyl, methoxyethoxy 
methyl or ethoxyvinylethyl; 

Z is F, CI, Br, I, or -OSOnRs where n=0,1 or 2, and R 5 is alkyl or 

aryl; and 

R? is phenyl phenyl substituted with hydroxy, halogen, alkyl or alkoxy 

group at the para position, phenylthio, pyridyl, piperidyl, 
cyclohexyl, d- 4 alkyl, alkenyl, or alkenyl substituted with phenyl. 



Compound of general formula (II) is prepared from ethylaziridine 
derivative of general formula (!') by the following reaction. 
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[Scheme 2] 




(I 1 ) (II) 



In the above reaction, R 3 , FU, Z, and R 7 are same as defined above and 
M is alkali metal or alkali earth metal halide. 

Also this invention provides new compounds of the following formula 

(III), 




(III) 

wherein, 

R 3 is H, alkyl. aryl, arylakyl, or amino protecting group forming C 5 - 7 

monocyclic heterocycle or C 7 -n bicyclic heterocycle with nitrogen 
atom; and 

is phenyl, phenyl substituted with hydroxy, halogen, alkyl or alkoxy 

group at the para position, phenylthio, pyridyl, piperidyl, 
cyclohexyl, Ci- 4 alkyl, alkenyl, or alkenyl substituted with phenyl. 

Compounds of general formula (III) are prepared from compounds of 
general formula (II) by the reaction with tetrabutylammonium fluoride (TBAF). 



[Scheme 3] 
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(ID (Ml) 



Also afore-mentioned Amprenavir and Nelfinavir can be prepared from 
compound formula (II) and formula (III) through reactions of Scheme 4 and 
Scheme 5, respectively. Compounds of formula (II) and (III) are synthetic 
intermediates for Amprenavir when R7 is phenyl, and for Nelfinavir when R 7 is 
phenylthio group, respectively. 

[Scheme 4] 




Amprenavir (VX-478) 



[Scheme 5] 
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/-BuHNOC 

OTBS x ,o - H 
BocHN^A^Z - BocHN^^^j ^ BocHN^^ 



L H 

010 



Nelfinavir 



This invention is explained more in detail through examples below. 
Synthesis of ethylaziridine derivatives from D-tartaric acid 

Example 1 . Preparation of dimethyl D-tartrate 

To a solution of D-tartaric acid (19.1 g, 127 mmol) in anhydrous methanol (60 
mL) was slowly added thionyl chloride (48.3 mL. 665 mmol) at 0°C. After an 
hour, the reaction mixture was heated to reflux for 3 hours, to give pale yellow 
solution. Gaseous hydrogen chloride and methanol solvent were removed under 
reduced pressure. After the extraction of water solution (40 mL) with ethyl 
acetate (40 mL X 8), ethyl acetate solution was dried over anhydrous MgS0 4 , 
filtered, and concentrated to give pale yellow oil (22.5 g, 126 mmol). 
'H NMR (300 MHz, CDCI 3 ) 8 3.40-3.42 (bs, 1H), 3.87 (s, 3H), 4.57 (s, 1H) 



Example 2. Preparation of 2,3-O-isopropylidene-D-tartrate 

To a solution of dimethyl ester of L-tartaric acid (22.5 g. 126 mmol) in 
anhydrous dichloromethane (300 mL) were added p-toluenesulfonic acid 
monohydrate (12.0 g, 63.0 mmol) and 2,2-dimethoxypropane (101 mL, 825 
mmol) at room temperature. Then the reaction mixture was heated to reflux for 4 
hours, and was concentrated under reduced pressure. After the extraction of 
water solution (40 mL) with ethyl acetate (100 mL), ethyl acetate solution was 
dried over anhydrous MgS0 4 , filtered, and concentrated to give reddish oil (24.1 
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g, 124 mmoi). 

'H NMR (300 MHz, CDCI 3 ) 6 1.50 (s. 6H), 3.83 (s f 6H), 4.82 (s. 2H) 

Example 3. Preparation of 2,3-Q-isopropylidene-D-threitot 

To a solution of 2.3-O-isopropylidene-D-tartrate (24.0 g, 124 mmol) in 
anhydrous methanol (400 mL) was slowly added anhydrous sodium borohydride 
(23.4 o, 618 mmol) at 0°C, which was spontaneously raised to room 
temperature. After the reaction mixture was stirred for 4 hours, it was 
concentrated under reduced pressure. Then the mixture was transferred to a 
separatory funnel, and distilled water (400 mL) was added. After extraction with 
ethyl acetate (400 mL X 4), the solution was dried over anhydrous MgS04, 
filtered, and concentrated to give pale yellow oil (17.2 g, 106 mmol). 
1 H NMR (300 MHz, CDCI3) 5 1.44 (s, 6H), 2.52 (br s, 2H), 3.69-3.82 (m, 4H), 
4.00-4.01 (m, 2 H) 

Example 4. Preparation of 1 ,4-dichlorobutane-2(5),3(5)-diol 

To a solution of 2,3-O-isopropylidene-D-threitol (17.2 g, 106 mmol) in 
acetonitrile (300 mL) was added triethylamine (34.0 mL, 244 mmol), lithium 
chloride (40.0 g, 944 mmol), and methanesulfonyl chloride (17.3 mL, 224 mmol) 
in sequence at 0 C. After being stirred for 30 minutes, the reaction mixture was 
heated to reflux overnight. Then the acidic mixture was concentrated under 
reduced pressure and was extracted with ethyl acetate (500 mL X 2) from 
aqueous sodium bicarbonate solution. After being dried over anhydrous MgSCU. 
the mixture was filtered and concentrated to give dark brown liquid. The 
nonpolar dark brown impurity was extracted and separeted from the liquid by 
water (200 mL) with n-hexane (200 mL). After extraction of the water solution 
with ethyl acetate (200x4 mL), the ethyl acetate solution was dried over 
anhydrous MgS0 4 , filtered, and concentrated to give white crystalline solid (8.35 
g, 52.5 mmol). 

1 H NMR (300 MHz, CDCI3) 6 2.58 (bs, 2H), 3.64-3.76 (m, 4H), 3.96-3.98 (m, 
2H); 13 C NMR (75 MHz, CDCI3) 6 45.85, 71.02. 
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Example 5. Preparation of 1 .4-dichlorobutan-2(S).3fS)-diol sulfate 
Method A 

To 1,4-dichlorobutan-2(S).3(S)-diol (159 mg, 1.0 mmol) in CCI 4 (1 ml) was 
added thionyl chloride (88 1.2 mmol) via a syringe and the resulting solution 
was refluxed for 30 min. The reaction mixture was concentrated by rotary 
evaporation, the residue was pumped under reduced pressure for 1h. and to this 
residue was added a cold solution of CCI 4 (3 mL) and CH 3 CN (3 mL). The flask 
was cooled in an ice bath and cold water (4.5 mL) was added. RuCI 3 .H 2 0 (1.15 
mg. 0.01 mmol) and Nal0 4 (0.428 g, 2.0 mmol) were added at once and the 
reaction mixture was stirred vigorously at 0°C. After 1 hour stirring, ether (6 mL) 
was added and the layers were separated. The aqueous layer was extracted with 
ether (2.5 mLx3). The combined organic layers were washed with brine (3 mL). 
dried over anhydrous MgS0 4 and concentrated to give 206.4 mg as a white 
solid. 

Rf (silica gel; 33% EtOAc in n-Hex) 0.65 
[a] D 25 = +57.5 (c 1.02. MeOH) 

'H NMR (200 MHz. CDCI 3 ) 8 5.02 (2H, m), 3.93 (4H, m) 

,3 C NMR (125 MHz, CDCI 3 ) 5 81.15, 41.73 

IR (KBr pellet) 2979. 1384. 1209. 1021, 985. 896, 653 cm"' 

Method B 

Sulfuryl chloride (0.104 mL, 1.258 mmol) was added dropwise to a solution of 
1.4-dichloro-2.3-butanediol (100.3 mg, 0.631 mmol) and imidazole (85.8 mg, 
1.26 mmol) in CH 2 CI 2 (2.1 mL) at 27°C. A precipitate formed gradually upon 
addition. When the addition was complete, the mixture was stirred at the same 
temperature. When the reaction was complete, the mixture was diluted with 
CH2CI2 (2.5 mL). Sulfuric acid (5% aq. 0.75 mL) was added to the mixture and 
layers were separated. The organic phase was washed with sat. aq. NaHC0 3 
(0.75 mL) and brine, dried over anhyd MgS0 4 , and concentrated under reduced 
pressure to give 98.1mg (70.3% yield). 



WO 01/12599 



PCT/KR00/00876 



11 

Example 6. Preparation of AM1 .4-Dichloro-2(5)-hvdroxy--3(/?)--butvl) 
phthalimide 

A mixture of 1 ,4-dichlorobutan-2(S),3(S)-diol sulfate (57.2 mg, 0.258 mmol) 
and phthalimide potassium salt (51.4 mg, 0.272 mmol) in dry DMF (1.3 mL) 
was stirred under nitrogen atmosphere at rt for 1 h. Solvent was removed under 
reduced pressure. The residue was dissolved with dry THF (3 mL). To the 
resulting solution were added cone. H 2 S0 4 (13 and water (5 After 30 
min excess sodium bicarbonate (-52 mg) was added and the reaction mixture 
was stirred for 30 min. Filtration through a Celite and silica gel bed and 
concentration of the filtrate under reduced pressure provided 
A/-(1,4-Dichloro-2(S)-hydroxy-3(/=?)-butyl)phthalimide (77.8 mg) as a colorless 
oil. 

1 H NMR (300 MHz, CDCI 3 ) 5 8.02-7.72 (4H, m), 4.68-4,60 (1H, m), 4.56-4.47 
(1H, m), 4.25 (1H. dd, J = 10.81, 11.55), 4.10 (1H, dd, J = 4.13. 11.64), 3.67 
OH, dd, J = 3.93, 11.65), 3.58 (1H, dd, J = 5.81. 11.64), 3.06 (1H, d, J = 
5.21). 

13 C NMR (75 MHz, CDCI3) 168.27, 134.65, 134.41, 131.42, 123.89, 123.69, 
70.51, 55.25, 47.33, 41.80. 

Example 7. Preparation of 2(fl)-(f-Butyloxycarbonyl)amino-1 ,4-dichloro-3(S)- 
hydroxy butane 

To a solution of A/-(1 ,4-dichloro-2(S)-hydroxy-3(/?)-butyl)phthalimide (48.6 
mg, 0.169 mmol) in isopropanol (1 mL) was added 80 % hydrazine monohydrate 
(11.3 L, 0.187 mmol) at 0°C under N 2 . After 16 h, solvent was removed under 
reduced pressure. The resulting solid was dissolved with MeOH (1 mL). To the 
reaction mixture was added 35 % HCI (21.0 i& % 0.240 mmol) at rt. After 16h, 
solvent was removed under reduced pressure. The residue was dissolved with 
THF (0.5 mL) and water (0.5 mL). To the reaction mixture was added (Boc) 2 0 
(46.5 mg, 0.213 mmol) and NEt 3 (49.5 L, 0.355 mmol) at 0°C. After 16 h, the 
reaction mixture was diluted with water (1 mL) and extracted with EtOAc (2 
mLx3). The combined organic layers were washed with brine (1 mL), dried over 
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anhydrous magnesium sulfate, and filtered. The filtrate was concentrated under 
reduced pressure and column chromatography (25 % EtOAc in n-Hex) gave 
2(fl)-(/-butyloxycarbonyl)amino-1 ,4-dichloro-3(S)-hydroxybutane (32.7 mg) 
as a white solid. 
Yield: 75% yield 
mp: 142-145°C 

[a] D 23 = +29.8 (c 1.00. MeOH) 

'H-NMR (300 MHz. CDCI 3 ) 5 4.78 (1H. br d). 3.96-3.82 (1H, m). 3.82-3.63 
(1H, m). 3.60-3.50 (2H, m) 3.44 (1H, dd, J = 7.14, 11.27), 2.560H. bs). 1.26 
(9H, s) 

l3 C NMR (75 MHz, CDCI3) 5 155.3, 80.5, 71.2. 53.0. 48.0. 45.8. 28.3 

IR (KBr pellet) 3450, 3357. 2982. 1682. 1519, 1344. 1168. 1010, 597 cm -1 

mp 142-145 °C 

HRMS (CI) m/z calcd 258.0664 for [M+H] + CgHiaNOaClz found 258.0669. 

Example 8, Preparation of 2(S)-/-Butyldimetylsilvloxv-3(fl)- (t-butvloxvcarbonvl) 
amino-1 ,4-dichlorobutane 

To a stirred solution of 2(/?)-(f-butyloxycarbonyl)amino-1 ,4-dichloro-3(S)- 
hydroxybutane (100.0 mg. 0.389 mmol) in dry DMF (2.5 ml_) were added 
imidazole (79.4 mg. 1.67 mmol), DMAP (4.8 mg, 0.039 mmol) and TBS-CI 
(175.9 mg, 1.167 mmol) at room temperature under N 2 . The resulting solution 
was stirred at 50°C for 12 h. The reaction mixture was diluted with EtOAc (30 
ml_), washed with 0.1 N citric acid solution (5 ml_), sat aqueous NaHC0 3 (5 
ml), water (5 mL) and brine (5 mL), dried over anhydrous magnesium sulfate, 
filtered, concentrated and column-chromatographed (10 % EtOAc in n-Hex) to 
provide 
2(S)-?-butyldimetylsilyloxy-3(^?)-(t-butyloxycarbonyl)amino-1 .4-dichlorobutane 
as a colorless solid (144.6mg) 
Yield: 99.4% 

Rf 0.52 (silica gel, 10% EtOAc in n-Hex) 

1H-NMR (300 MHz, CDCI3) 8 4.84-4.81 (1H, bd), 4.12-4.04 (1H, m). 
4.03-3.93 (1H, m), 3.87 (1H, dd, J = 4.7, 11.16). 3.68 (1H. dd. J = 3.46. 
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11.15). 3.60 (2H, d). 1.45 (9H, s), 0.90 (9H. s). 0.14 (3H, s), 0.13 (3H. s). 

Example 9. Preparation of /V-f-Butyloxvcarbonvl-2(ft)- (1 (S)-r-butvldtmetv 
silyloxy-2-chloroethvl)aziridine 

To a magnetically stirred solution of 2(S)-r-butyldimetylsilyloxy-3(/?)- 
(t-butyloxycarbonyDamino-1 ,4-dichlorobutane (375.4 mg, 1.008 mmol) in THF 
(10 mL) was added NaH slowly at 0°C under N 2 . After 5 h, the reaction mixture 
was slowly added to sat aq ammonium chloride solution (40 mL) and ice (20 
g). The resulting solution was extracted with EtOAc (60 mL 4). The combined 
organic layers were washed with brine (50 mL), dried over anhydrous magnesium 
sulfate, filtered, concentrated and column chromatographied (10% EtOAc in 
n-Hex) to provide A/-f-butyloxycarbonyl-2(/?)-(1(S)-f-butyldimetylsilyloxy-2- 
chloroethyDaziridine (339.5 mg) as a colorless oil. 
Yield: 99% 

Rf 0.60 (silica gel, 10% EtOAc in n-Hex) 

'H-NMR (300 MHz. CDCI 3 ) 8 3.69 (1H, dd, J = 3.92, 11.10), 3.68 (1H, dd, J = 
6.08, 11.09), 3.53 (1H, ddd, J = 3.95, 6.20, 6.15), 2.51 (1H, m, J = 3.62. 
6.21, 6.24). 2.33 (1H, d. J = 6.13), 2.07 (1H, d, J = 3.59), 1.44(9H, s), 0.89 
(9H. s). 0.09 (3H. s), 0.06 (3H. s) 

13 C NMR (75 MHz. CDCI3) 6 161.92. 8.37. 73.38, 47.84. 39.34. 30.10. 27.85. 
25.68, 18.12. -4.51, -4.84. 

Example 10. Preparation of 2(S)-f-Butvldimetvlsilvloxv-3(S)- (t-butvloxv 
carbonyQamino- 1 -chloro-4-phenvlbutane 

To a magnetically stirred solution of /v"-f-butyloxycarbonyl-2(fl)-(1 {S)-t- 
butyldimetylsilyloxy-2-chloroethyl)aziridine (36.0 mg, 0.107 mmol) in toluene was 
added copper bromide dimethyl sulfide complex (11.0 mg, 0.054 mmol) at rt 
under N2. The reaction mixture was cooled to -78°C, then treated with a 2 M 
solution of PhMgCI in THF (0.54 mL, 1.072 mmol). The resulting mixture was 
warmed to -20°C and stirred overnight. The reaction mixture was treated with 
sat NH4CI (4 mL) and extracted with EtOAc(5 mLx3). The combined organic 
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layers were washed with brine (50 mL), dried over anhydrous magnesium sulfate, 
filtered, concentrated and column-chromatographed (3 % EtOAc in /?-Hex) to 
provide 2(S)-f-butyldimetylsilyloxy-3(f?)-(^-butyloxycarbonyl)amino-1 -chloro- 
4-phenylbutane (33.5 mg) as a colorless oil. 
Yield: 75% 

'H-NMR (300 MHz, CDCb) 6 7.31-7.19 (H, m), 4.46 (1H. d, J = 7.44), 
4.16-4.01 (2H, m), 3.52-3.41 (2H, m), 2.96 (1H, dd, J = 4.32, 14.19), 2.66 
(1H, dd, J = 10.61, 13.55), 1.33 (9H, s), 0.94 (9H, s), 0.13 (3H, s). 0.12 (3H, 
s) 

13 C NMR (75 MHz, CDCI3) 8 155.06, 138.16, 129.22, 128.39, 126.34, 79.32. 
74.15, 53.83, 45.53, 34.23, 28.26, 25.84, 18.14, -4.31, -4.76. 

Example 1 1 . Preparation of 3(S)-(f-Butyloxycarbonyl)amino-1 ,2(S)-epoxy-4- 
phenylbutane 

To a magnetically stirred solution of 2(S)-/-butyldimetylsilyloxy-3(/?)- 
(Hbutyloxycarbonyl)amino-1-chloro-4-phenylbutane (30.0 mg, 0.073 mmol) in 
THF (0.5 mL) was added a 1 M solution of TBAF in THF (0.11 mL, 0.109 
mmol) at 0°C. After 10 min, stirring was continued at room temperature for 40 
min. The reaction mixture was treated with sat NH4CI (0.5 mL), diluted with 
water(2 mL), and extracted with EtOAc (3 mLx3). The combined organic layers 
were washed with brine (3 mL), dried over anhyd magnesium sulfate, filtered, 
and concentrated. The residue was dissolved with MeOH (0.5 mL) and treated 
with KOH at 0°C Stirring was continued at room temperature for 2h. Solvent was 
removed under reduced pressure, diluted with water (2 mL), and extracted with 
EtOAc (3 mLx3). The combined organic layers were washed with brine (3 mL), 
dried over anhydrous magnesium sulfate, filtered, concentrated and 
column-chromatographed (10% EtOAc in n-Hex) to provide 
3(S)-(f-butyloxycarbonyl)amino-1 ,2(S)-epoxy-4- phenylbutane (14.4 mg) as a 
white solid. 
Yield: 75% 

'H-NMR (300 MHz, CDCI3) 5 7.35-7.22 (5H, m), 4.46 (1H, bs), 3.70 (TH, bs), 
2.98 (1H, dd, J = 5.16, 14.00), 2.90 (1H, m), 2.85-2.79 (1H, m), 2.78-2.73 
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(1H, m), 1.38 (9H, s) 

13 C NMR (75 MHz, CDCb) 5 155.20, 136.66, 129.44, 128.54, 126.67. 79.64. 
53.18, 52.58, 46.91, 37.58, 28.25. 



Synthesis of Amprenavir from ethylaziridine derivative 

Example 12. Preparation of 2(S)-hydroxy-3(S)-(f-butyloxycarbonyl)amino-1 - 
isobutylamino-4-phenylbutane 

To a solution of 3(S)-(f-butyloxycarbonyl)amino-1 ,2(S)-epoxy-4-phenylbutane 
(200 mg. 0.76 mmol) in 2 mL of dry isopropanol was added isobutylamine (0.38 
ml. 3.8 mmol) and the mixture was stirred for 5 h at 50°C. The mixture was 
concentrated under reduced pressure and dried in vaccuo to give 230 mg of 
2(S)-hydroxy-3(S)-(f-butyloxycarbonyl)amino-1-isobutylamino-4~"phenylbutane 

Yield: 90% 

[a] 0 26 = 8.9 (d.0, CHCI3) 

1 H NMR (300 MHz, CDCI3) S 0.91 (d, J=6.6 Hz, 6H), 1.36 (s, 9H), 1.68-1.78 
(m. 2H), 2.42 (d, J=6.6 Hz, 2H), 2.83-3.03 (m, 5H), 3.45-3.47 (m. 1H). 3.82 
(br, 1H), 4.68 (br t 1H), 7.22-7.32 (m, 5H). 

Example 13. Preparation of 2(S)-hydroxy-3(S)-(f-butyloxycarbonyl)amino~1 - 
(4-nitrobenzenesulfonyl)-1Hsobutylamino-4--phenylbutane 
To a solution of 2(S)-hydroxy-3(5)-(r-butyloxycarbonyl)amino-1-isobutyl 
amino -4-phenyibutane (64 mg, 0.19 mmol) in 1 mL of dry CH 2 CI 2 were 
added triethylamine (30 0.23 mmol) and 4-nitrobenzensulfonyl chloride (55 
mg. 0.25 mmol) at 0°C. The mixture was stirred for 30 min at this temperature 
and the flask was warmed to room temperature. The mixture was stirred for 12 h 
at room temperature and poured into sat aq NaHC03 solution (2 mL) and 
extracted with Et 2 0 (10 mL). The organic extract was dried over anhydrous 
MgSCU and concentrated. Silica gel column chromatography provided 82 mg of 
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2(S)-hydroxy-3(S)-(f-butyloxycarbonyl)amino-1~(4-nitrobenzenesulfonyl)-1-is 

obutylamino-4-phenylbutane. 

Yield: 88% 

1 H NMR (300 MHz, CDCI 3 ) 8 0.86-0.89 (m, 6H), 1.36 (s, 9H), 1.83-1.93 (m. 
1H), 2.89-3.00 (m, 4H), 3.19-3.21 (m, 2H), 3.76-3.85 (m, 3H), 4.64 (br, 1H), 
7.22-7.34 (m. 5H). 7.96 (d, J=8J Hz, 2H), 8.34 (d, J=8.7 Hz, 2H). 

Example 14. Preparation of 2(S)-hydroxy-3(SM3(S)-tetrahydropyranyloxy 
carbonyl]amino-1 -(4-nitrobenzenesulfonyl)-1 -isobutylamino-4-phenylbutane 

To a solution of 2{S)-hydroxy-3(S)-(f-butyloxycarbonyl)amino--1 -(4-nitro 
benzenesulfonyl)-1 Hsobutylamino-4-phenylbutane (93 mg, 0.19 mmol) in 1 mL 
of dry CH2CI2 was passed anhydrous HCI gas for 0.5 h. After removal of HCI 
gas bubbler, the mixture was stirred for 1 h. The solvent was removed in vaccuo 
and the residue was dissolved in 1 mL of dry CH2CI2. To the mixture were 
added triethylamine (30 id, 0.23 mmol) and N-succinimidyl (S)-( + )-3- 
hydroxytetrahydrofuran carbonate (44 mg, 0.19 mmol) at room temperature. The 
mixture was stirred for 4 h until no starting material remained by TLC and it was 
poured into brine (2 mL) and extracted with EtOAc (10 mL). The organic extract 
was dried over anhydrous MgS04 and concentrated under reduced pressure. The 
crude compound was recrystallized in ethyl acetate to give 86 mg of 
2(S)-hydroxy-3(S)-[3(S)-tetrahydropyranyloxycarbonyl]amino-- 
1 -(4-nitrobenzenesulfonyl)-1 Hsobutylamino-4-phenylbutane. 
Yield: 85% 

] H NMR (300 MHz, CDCI 3 ) 8 0.86-0.91 (m, 6H), 1.65-1.95 (m, 2H), 
2.08-2.21 (m, 1H), 2.85-3.02 (m, 4H), 3.05-3.24 (m, 2H), 3.63-3.68 (m, 2H), 
3.76-3.87 (m, 5H), 4.89 (br, 1H), 5.14 (br, 1H), 7.14-7.35 (m, 5H), 7.96 (d, 
J=8.7 Hz, 2H), 8.36 (d, J=8.7 Hz, 2H) 

Example 1 5. Preparation of 2(S)-hydroxy-3(S)-[3(S)-tetrahydropyranvloxy 
carbonyl]amino-1-(4-aminobenzene$ulfonyl)-1-isobutylamino-4~phenylbutane 

A mixture of 2(S)-hydroxy-3(S)-[3(S)-tetrahydropyranyloxycarbonyl]amino-1- 



WO 01/12599 



PCT/KR00/00876 



17 

(4-nitrobenzenesulfonyl)-1 -isobutylamino-4-phenylbutane (36 mg, 0.067 
mmol) and SnCI 2 .2H 2 0 (77 mg, 0.34 mmol) in 1 mL of EtOAc was heated to 70 
°C. After 1 h the starting material disappeared and the solution was allowed to 
cool to room temperature. The mixture was poured into sat aq NaHC03 solution 
(3 mL) and extracted with EtOAc (10 mL). The organic extract was dried over 
anhyd MgSCu and concentrated under reduced pressure to give 30 mg of 
2(S)-hydroxy-3(S)-[3(S)-tetrahydropyranyloxycarbonyl]amino-1 -(4-aminobenze 
nesulfonyl)-1 -isobutylamino-4-phenylbutane. 
Yield: 90% 

'H NMR (300 MHz, CDCI 3 ) 6 0.85-0.92 (m, 6H) f 1.78-2.21 (m. 3H), 
2.72-3.11 (m. 6H) f 3.58-4.1 Km, 7H), 4.20 (s, 2H) 4.93 (br, 1H). 5.11 (br, 
1H), 6.67 (d. J=8.6 Hz. 2H), 7.22-7.32 (m, 5H), 7.54 (d, J=8.6 Hz, 2H) 

Newly synthesized A/-f-Butyloxycarbonyl-2(/?)-(1 (S)-f-butyldimetyl 
silyloxy-2-chloroethyl)aziridine can be utilized as an important intermediate for 
the synthesis of Amprenavir and Nelfinavir among HIV protease inhibitor 
molecules. Introduction of phenyl group by opening of the aziridine ring leads to 
the preparation of 3(S)-(t-butyloxycarbonyl)amino-1 ,2(S)-epoxy-4-phenylthio 
butane, which is a core intermediate for the synthesis of Amprenavir. 
Introduction of phenylthio group insead of the phenyl one allows for the 
synthesis of 3(S)-(t-butyloxycarbonyl)amino-1 ,2(S)-epoxy-4-phenylbutane, 
which is a core intermediate for the synthesis of Nelfinavir. 
A/-f-Butyloxycarbonyl-2(S)- (1 r— butyldimetylsilyloxy— 2— chloroethyDaziridine, 
which is an enantiomer of above compound can be utilized as an intermediate 
for the synthesis of the stereochemical antipode of the HIV protease inhibitors 
possessing hydroxyethylamine backbone. 
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Claims 

1. An ethylaziridine derivative of the formula (D 

OR 4 

& 

(I*) 

wherein. 

R 3 is H, alkyl, aryl, arylakyl, or amino protecting group forming C5-7 

monocyclic heterocycle or C7-11 bicyclic heterocycle with nitrogen 
atom; 

R 4 is silyl protecting group optionally substituted with alkyi group, or 

alcohol protecting group which includes alkoxycarbonyl, 
aryloxycarbonyl , methoxymethyl , tetrahydropyranyl , methoxyethoxy 
methyl or ethoxyvinylethyl; and 

Z is F, CI, Br, I, or -OSOnRs. where n=0,1 or 2, and R 5 is alkyl or 

aryl. 

2. A process for the preparation of compound of the formula (D 

OR 4 

N 
R 3 

(!') 

where R 3 is H, alkyl, aryl, arylakyL or amino protecting group forming C5-7 
monocyclic heterocycle or C7-11 bicyclic heterocycle with nitrogen atom; R 4 is 
silyl protecting group optionally substituted with alkyl groups, or alcohol 
protecting group which includes alkoxycarbonyl, aryloxycarbonyl, methoxymethyl, 
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tetrahydropyranyl, methoxyethoxymethyl or ethoxyvinylethyl; and Z is F, CI, Br, I, 
or -OSOnRs, where n=0,1 or 2, and R 5 is alkyl or aryl, 
which comprises 

(a) reacting 1 ,4-dihaiobutanediol sulfate with potassium phthalimide to 
produce A/-[1 .4-dihalo-2-hydroxy-3-butyi] phthalimide; 

(b) converting an amine generated from the deprotection of the 
phthalimide group of A/-[1 ,4-dihalo-2-hydroxy-3-butyl]phthalmide to 
2-(t~alkyloxycarbonyi)amino-1 ,4-dihalo-3- hydroxybutane; 

(c) reacting 2-(t-alkyloxycarbonyl)amino- 1 ,4-dihalo-3-hydroxybutane 
with chlorosilane or chlorocarbonyl to produce 2-silyl(or carbonyl)oxy-3- 
(alkyloxycarbonyl) amino-1 ,4-dihaIobutane; and 

(d) converting 2— silyKor carbonyl)oxy-3-(alkyloxycarbonyl)amino--1 ,4- 
dihalobutane to A/-f-alkyloxycarbonyl-2-[1 -f-siiyl(carbonyl)oxy-2 -haloethyl) 
aziridine. 

3. Compounds of the formula (II): 



OR 4 




(ID 



wherein, 



R 3 is 



H, alkyl, aryl, arylakyl, or amino protecting group forming C 5 -? 
monocyclic heterocycle or C 7 -n bicyclic heterocycle with nitrogen 



atom; 



R 4 is 



silyl protecting group optionally substituted with alkyl group, or 
alcohol protecting group which includes alkoxycarbonyl, 



Z is 



aryloxycarbonyl , methoxymethyl , tetrahydropyranyl , methoxyethoxy 
methyl or ethoxyvinylethyl; and 

F, CI, Br, I, or -OSOnRs, where n=0,1 or 2, and R 5 is alkyl or 



aryl; and 
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is phenyl, phenyl substituted with hydroxy, halogen, alkyl or alkoxy 

group at the para position, phenylthio, pyridyl, piperidyl, 
cyclohexyl, C1-4 alkyl, alkenyl, or alkenyl substituted with phenyl. 

4. A process for the preparation of compound of the formula (II) 




where R 3 is H, alkyl, aryl, arylakyl, or amino protecting group forming C 5 - 7 
monocyclic heterocycle or C 7 -u bicyclic heterocycle with nitrogen atom; FU is 
silyl protecting group optionally substituted with alkyl groups, or alcohol 
protecting group which includes alkoxycarbonyl, aryloxycarbonyl, methoxymethyl, 
tetrahydropyranyl, methoxyethoxymethyl or ethoxyvinylethyl; and Z is F, CI, Br, I, 
or -OSOnRs, where n=0,1 or 2, and R 5 is alkyl or aryl; and R 7 is phenyl, phenyl 
substituted with hydroxy, halogen, alkyl or alkoxy group at the para position, 
phenylthio, pyridyl, piperidyl, cyclohexyl, C,- 4 alkyl, alkenyl, or alkenyl substituted 
with phenyl, 
which comprises 

reacting a compound of the formula (D where all symbols are as defined above 
with R 7 M where R 7 is as defined above and M is alkali metal or alkali earth 
metal halide. 

5. Compounds of the formula(lll): 




(III) 



wherein, 
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R 3 is H. alkyl, aryl, arylakyl, or amino protecting group forming C5-7 

monocyclic heterocycle or C7-11 bicyclic heterocycle with nitrogen 
atom; and 

R 7 is phenyl, phenyl substituted with hydroxy, halogen, alkyl or alkoxy 

group at the para position, phenylthio. pyridyl. piperidyl, 
cyclohexyl, C1-4 alkyl, alkenyl, or alkenyl substituted with phenyl. 

6. A process for the preparation of compound of formula (III), 




(ID (III) 



where R 3 is H, alkyl, aryl, arylakyl, or amino protecting group forming C5-7 
monocyclic heterocycle or C7-11 bicyclic heterocycle with nitrogen atom; R* is 
silyl protecting group optionally substituted with alkyl groups, or alcohol 
protecting group which includes alkoxycarbonyl, aryloxycarbonyl, methoxymethyl, 
tetrahydropyranyl, methoxyethoxymethyl or ethoxyvinylethyl; and Z is F, CI, Br, I, 
or -OSO n Rs, where n=0.1 or 2, and R5 is alkyl or aryl; and R7 is phenyl, phenyl 
substituted with hydroxy, halogen, alkyl or alkoxy group at the para position, 
phenylthio, pyridyl, piperidyl, cyclohexyl, C1-4 alkyl, alkenyl, or alkenyl substituted 
with phenyl, 
which comprises 

reacting a compound of the formula (ll)where all symbols are as defined above 
with TBAF. 
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